The analysis of 236 episodes of cystitis in 226 women yielded 202 paired specimens of midstream urine and catheter urine that could be evaluated. Cultures were positive for uropathogens in 142 catheter specimens (70%), 4 of which had more than one uropathogen, and in 157 midstream specimens (78%). The presence of Escherichia coli in midstream urine was highly predictive of bladder bacteriuria even at very low counts, with a positive predictive value of 10 2 colony-forming units (CFU) per milliliter of 93% (Spearman's r = 0.944). In contrast, in midstream urine, enterococci (in 10% of cultures) and group B streptococci (in 12% of cultures) were not predictive of bladder bacteriuria at any colony count (Spearman's r = 0.322 for enterococci and 0.272 for group B streptococci). Among 41 episodes in which enterococcus, group B streptococci, or both were found in midstream urine, E. coli grew from catheter urine cultures in 61%. U rinary tract infection is a bacterial infection that is encountered frequently in outpatient settings in the United States, accounting for 8.6 million visits in 2007. 1 Half of all women report having had at least one urinary tract infection by 32 years of age. 2 The hallmark of such infections is the presence of bladder bacteriuria. Although a urine specimen collected by suprapubic aspiration or catheter is the reference for determining the microbial cause of infection, neither type of specimen is routinely obtained because of inconvenience, discomfort, and the potential for adverse events. Thus, when an examination of urine is indicated in women with symptoms suggestive of cystitis to assist with diagnosis or to determine antimicrobial susceptibility, the customary urinary specimen collected for culture is the midstream portion of voided urine. However, the interpretation of such cultures in women is complicated by the potential for contamination of voided specimens by periurethral microorganisms, since it is not possible to distinguish whether bacteriuria originates from the bladder or the periurethra. As a result, colony-count thresholds have been established to help interpret colony counts.
Early studies showed the value of quantitative urine culture in discriminating between true urinary tract infection and contaminated urine specimens. [3] [4] [5] [6] [7] [8] [9] [10] [11] Bacterial counts of 10 5 colonyforming units (CFU) per milliliter or higher in midstream urine cultures were predictive of bladder bacteriuria in asymptomatic women and women with pyelonephritis, whereas lower counts were more likely to be associated with contamination. [5] [6] [7] [8] [9] However, later studies showed that women with symptoms of cystitis often had lower colony counts. [12] [13] [14] In a 1982 study involving women with cystitis, proven bladder bacteriuria had a significant correlation with urinary coliform-colony counts as low as 10 2 CFU per milliliter. 15 To our knowledge, in the three decades since this seminal finding, no confirmatory studies of gram-negative rods have been published, nor has a study addressed the positive predictive value for true bladder bacteriuria of colony counts of other organisms causing cystitis, such as enterococcus or group B streptococcus. To address this issue, we performed detailed microbiologic analyses of paired specimens of midstream urine and urine collected by means of a urethral catheter (catheter urine) obtained from women with episodes of cystitis; these analyses included all organisms that are considered to be causative in acute uncomplicated cystitis.
Me thods

Study Population
We conducted the study at the Hall Health Primary Care Center, an outpatient clinic at the University of Washington, Seattle, and at the Clinical Research Unit at the University of Miami, Miami. Women were eligible if they were between the ages of 18 and 49 years, were in good general health, and had had typical symptoms of cystitis (dysuria and urinary frequency or urgency) for 7 days or less. Women were not eligible if they had a temperature of 38°C or higher or tenderness in the costovertebral angle, diabetes mellitus, known anatomical abnormalities of the urinary tract, exposure to a systemic antimicrobial agent in the previous 2 weeks, or a diagnosis of urinary tract infection in the previous month or if they were pregnant or not using reliable contraception.
The ethics committees at the University of Washington and the University of Miami approved the study, and all participants provided written informed consent. All the authors vouch for the integrity and completeness of the data and analysis presented and for adherence to the study protocol.
Study Procedures
Flyers, newspaper ads, and discussions with local clinicians were the main methods of recruitment, and participants were enrolled as soon as possible after contacting study personnel. At the study visit, a medical history was taken, and all participants underwent a physical examination and were interviewed with the use of a standardized questionnaire. Participants were instructed to obtain a clean-catch midstream urine specimen after spreading the labia with one hand and then wiping the urethra with two premoistened 2% castile soap towelettes. After the participant provided the midstream specimen, a 2% xylocaine gel was applied locally to minimize the pain of catheter insertion. Shortly afterward, the participant was placed in the lithotomy position, and a lubricated 8-French urethral catheter was inserted into the bladder to collect a first-flow urine specimen through the catheter. Urine samples for culture were refrigerated and transported to the labo-ratory within 24 hours after collection. Women were treated with standard antimicrobial agents and asked to call or return to the clinic if their symptoms did not resolve.
Laboratory Procedures
Methods for collecting urine specimens and isolating, identifying, and quantifying uropathogens have been described previously. 15, 16 In catheter urine cultures, all microorganisms were fully identified and quantified to 10 CFU per milliliter. In midstream urine cultures, all uropathogens (gram-negative rods, enterococci, group B streptococci, and Staphylococcus saprophyticus) were identified and quantified to 10 CFU per milliliter. Organisms that are not usually considered to be uropathogens (e.g., lactobacilli, diphtheroids, coagulase-negative staphylococci, Gardnerella vaginalis, and alpha-hemolytic streptococci) were grouped together as mixed gram-positive flora, quantified as a group, and not further identified. S. aureus in midstream urine was also considered to be a component of mixed gram-positive flora. However, all organisms that were found in pure culture of midstream urine were identified and quantified to 10 CFU per milliliter. There were no changes in laboratory methods during the course of the study. A hemocytometer was used to quantify leukocytes in urine specimens. Pyuria was defined as 8 or more leukocytes per cubic millimeter. 15 
Outcome Measures
The primary study outcome was a comparison of positive predictive values and negative predictive values of organisms grown in midstream urine, with the presence or absence of the organism in urine obtained by means of a catheter used as the reference and with an emphasis on the predictive values for enterococcus and group B streptococci. Secondary study outcomes were a determination of the prevalence of organisms that are not usually considered to be uropathogens (e.g., lactobacilli) in bladder urine, the frequency of polymicrobic cystitis, and the presence of pyuria. The treatment outcome was not evaluated as a study outcome.
The primary unit of analysis was the cystitis episode. The analyses were limited to the episodes in which paired specimens of both midstream urine and catheter urine were obtained and organisms could be identified and quantified.
Statistical Analysis
We constructed two-way tables to compare the presence and quantity of organisms in the specimens of midstream urine with those in the specimens of catheter urine. We calculated the sensitivity, specificity, positive predictive value, and negative predictive value to assess the accuracy of the findings provided by the midstream urine culture at log 10 quantities 1 to 5 in relation to the findings provided by the catheter urine culture, using the presence of an organism in the catheter urine as the reference.
Plots were generated to illustrate the relationship between colony counts in midstream urine cultures and those in catheter urine cultures, according to the specific organism or group. We then computed Spearman's correlation coefficients to measure the extent of the association between the two specimen sites.
R esult s
Study Participants
Enrollment of participants took place from 2002 through 2012. A total of 236 episodes of acute cystitis were evaluated with the use of a specimen of voided midstream urine. Nine women had more than 1 episode, for a total of 19 episodes among these women. Paired specimens of midstream urine and catheter urine were available for 202 episodes ( The characteristics of the women at presentation are shown in Table 1 . The median age was 22 years, and 73% were white. In almost all the episodes, women had two or more symptoms, most of which were moderate to severe, with a median duration of 2 days. Pyuria was present in 88% of midstream urine specimens.
Comparison of Paired Specimens
All Organisms
At least one organism grew in 149 cultures (74%) of catheter urine and 200 cultures (99%) of voided mid stream urine. Uropathogens (gramnegative rods, enterococci, group B streptococci, or S. saprophy ticus) grew in 142 cultures (70%) of catheter urine and in 157 cultures (78%) of midstream urine -with growth in 1 culture of catheter urine only (0.5%), 16 cultures of midstream urine only (8%), and 141 cultures of both catheter urine and midstream urine (70%) ( Table 2) ; more than one uropathogen grew in 4 cultures (2%) of catheter urine and in 35 cultures (17%) of midstream urine. Midstream urine yielded multiple organisms of any species in 173 cultures (86%). Among the 53 cultures without growth in catheter urine, 13 (25%) had uropathogens in the paired midstream urine. The distribution of organisms that were cultured in midstream urine was similar over the course of the study period.
Gram-Negative Uropathogens
Gram-negative rods grew in the cultures of midstream urine or catheter urine in 145 episodes of cystitis (72%). Escherichia coli grew in the cultures in 132 episodes (65%). In 131 episodes, E. coli grew in midstream urine cultures, and in 120 of these episodes (92%), E. coli was also found in catheter urine cultures (Table 2 and Fig. 2A ). Among 114 episodes in which E. coli grew along with any other organism as part of mixed flora in midstream urine cultures, 104 episodes (91%) showed E. coli growth in catheter urine cultures. Colony counts in midstream urine and catheter urine were strongly correlated (Spearman's r = 0.944). The colony-count agreement was also strong between midstream urine and catheter urine for the 10 episodes in which Klebsiella pneumoniae was detected (Spearman's r = 0.999) (Fig. 2C) .
Gram-Positive Uropathogens
Enterococci were isolated from cultures of midstream urine in 20 episodes (10%) but from cultures of catheter urine in only 2 episodes (Spearman's r = 0.322) ( Table 2 and Fig. 2B ). In one of the latter episodes, both the midstream urine culture and the catheter urine culture grew more than 10 5 CFU per milliliter of enterococci; in the other episode, 10 4 CFU per milliliter of enterococci grew in midstream urine and 10 3 CFU per milliliter in catheter urine; no other uropathogen was isolated. Among the 18 episodes in which enterococci were detected only in midstream urine, 4 cultures had at least 10 4 CFU per milliliter; E. coli was also isolated from 16 midstream urine cultures and 11 catheter urine cultures.
Group B streptococci were isolated from mid- stream urine cultures in 25 episodes (12%) but from catheter urine cultures in only 2 episodes (Spearman's r = 0.272) ( Table 2 and Fig. 2D ). E. coli was concurrently isolated from midstream urine cultures in the latter 2 episodes and from catheter urine cultures in 1 episode. Among the 23 episodes in which group B streptococci were detected in midstream urine cultures only, 6 cultures had at least 10 4 CFU per milliliter; E. coli was concurrently isolated from 18 midstream urine cultures and 16 catheter urine cultures. There were 41 episodes in which enterococcus, group B streptococci, or both were found in midstream urine. E. coli grew from catheter urine cultures in 25 (61%) of these episodes.
In contrast, for S. saprophyticus (6 episodes), colony counts were strongly correlated between midstream urine and catheter urine cultures (Spearman's r = 0.999) (Fig. 2F ).
Performance Characteristics of Midstream Urine Culture
Sensitivity, specificity, positive predictive values, and negative predictive values for E. coli, enterococci, and group B streptococci in midstream urine cultures are shown in Table 3 . The positive predictive values for E. coli in midstream urine cultures were 93% for growth of at least 10 2 CFU per milliliter and 99% for growth of at least 10 4 CFU per milliliter, but for enterococci and group B streptococci, positive predictive values were low for all colony counts: 10% for enterococcus colony counts of at least 10 2 CFU per milliliter and 33% for counts of at least 10 4 CFU per milliliter; for group B streptococci, the positive predictive values were 8% and 14%, respectively.
Catheter Urine Cultures Yielding organisms not usually considered Uropathogens
Seven cultures yielded lactobacilli (≤10 4 CFU per milliliter), with pyuria only in the four cultures in which gram-negative rods were concurrently isolated. Three cultures yielded G. vaginalis (all 10 5 CFU per milliliter), with pyuria only in the two cultures in which gram-negative rods were concurrently isolated. S. simulans (10 5 CFU per milliliter) was identified in pure growth in one culture with pyuria.
Although the study protocol did not call for the identification of S. aureus in midstream urine cultures when the bacteria were present with mixed gram-positive flora, S. aureus was identified in five midstream urine cultures. In one episode, the colony count for S. aureus was at least 10 5 CFU per milliliter in both midstream urine and catheter urine. In the other four episodes, all of which (8) 141 (70) 44 (22) Gram-negative uropathogen 1 (<1) 11 (5) 133 (66) 57 (28) Escherichia coli 1 (<1) 11 (5) 120 (59) 70 (35) Non-Escherichia coli 0 2 (1) 14 (7) 186 ( Gram-positive uropathogen 0 37 (18) 10 (5) 155 (77) Enterococci 0 18 (9) 2 (1) 182 (90) Group B streptococci 0 23 (11) 2 (1) 177 ( 
Discussion
Millions of episodes of cystitis occur in the United States annually, and midstream urine culture is often obtained to confirm the diagnosis or to provide data regarding antimicrobial susceptibility. However, documentation of the usefulness of midstream urine cultures in the clinical evaluation of women with symptoms of cystitis is sparse, especially when cultures do not yield E. coli, the most common cause of cystitis. Our study provides additional information for interpreting midstream urine cultures in healthy premenopausal women with cystitis. In our study, colony counts of E. coli as low as 10 to 10 2 CFU per milliliter in midstream urine were sensitive and specific for the presence of E. coli in catheter urine in symptomatic women, a finding that has been reported in previous studies. 15 However, similar data are lacking for enterococci and group B streptococci, organisms that are often considered to be minority species causing acute uncomplicated cystitis. [17] [18] [19] [20] [21] [22] [23] In our study, both enterococci and group B streptococci were frequently isolated from midstream urine but rarely from paired specimens of catheter urine. The positive predictive values for enterococci and group B streptococci in midstream urine cultures were very low, even at high colony counts, in contrast to the high positive predictive values for E. coli (Table 3 ). These data suggest that enterococci and group B streptococci only rarely cause acute uncomplicated cystitis. Since K. pneumoniae and S. saprophyticus were found only in high quantities in paired specimens of midstream urine and catheter urine, the predictive values of lower quantities of these organisms in midstream urine are not known.
Organisms that are usually considered to be contaminants, such as lactobacilli, grew from catheter urine cultures in 11 episodes (5%), but in only 1 episode was there growth (a coagulasenegative staphylococcus) with pyuria without the presence of gram-negative rods, suggesting that these bacteria rarely cause cystitis.
In 53 of the 202 episodes that were evaluated (26%), there was no organism growth in catheter specimens (sterile cultures). Although infections with Chlamydia trachomatis or Neisseria gonorrhoeae cause dysuria and pyuria in some women, 15, 24, 25 we rarely detected these pathogens in a previous study of this population, 26 and thus we test for them only if there is clinical suspicion on the basis of exposure or infection history. With the use of culture-independent gene sequencing of 16S ribosomal RNA (rRNA), bacteria that cannot be cultivated are commonly found in bladder urine collected by catheter or suprapubic aspirates from asymptomatic women, 27 but this technique has not been used to evaluate women with cystitis. It is possible that some of the women with sterile catheter urine cultures had urethritis, a syndrome previously described in symptomatic women with E. coli cultured from the urethra or from midstream urine but with sterile catheter urine cultures. 15, 28 In this regard, 25% of episodes with sterile catheter urine cultures had growth of a uropathogen in paired specimens of midstream urine. It is also possible that noninfectious conditions may underlie symptoms in some women. The strengths of our study are the number of well-characterized participants with the clinical presentation of cystitis and the detailed microbiologic analysis of specimens of midstream urine and catheter urine with quantification of organisms to 10 CFU per milliliter. Although urethral catheterization may be contaminated by urethral organisms carried into the bladder by the catheter, previous studies have found no significant differences between colony counts in bladder urine that was collected by suprapubic aspiration and those in bladder urine that was collected by urethral catheterization. 15, 27 We believe that our study population is representative of the relatively homogeneous population of healthy premenopausal women with cystitis and that our microbiologic findings are generalizable to this population. Our findings with respect to E. coli support observations from an earlier study that compared midstream urine cultures with catheter urine cultures. 15 The lack of association between midstream urine cultures and catheter urine cultures that was observed with enterococci and group B streptococci confirms beliefs held by some practitioners in the biomedical community that these organisms are infrequent colonizers of the bladder. It is not possible, however, to draw definitive conclusions about enterococci and group B streptococci with the relatively small number of cultures yielding these organisms in this study. The growth in midstream urine culture of K. pneumoniae and S. saprophyticus, which are universally considered to be uropathogens, was strongly associated with growth in catheter urine cultures, even though both species were found in few episodes. National surveys have shown that urine cultures are obtained in 23 to 77% of female outpatients with symptoms of cystitis. 29, 30 However, urine cultures in healthy women with symptoms of cystitis are not usually warranted because of the delay in obtaining results, expense and inconvenience to the patient, and minimal clinical value in women without concurrent vaginal symptoms. 31-33 Several short-course antimicrobial regimens have been recommended for empirical treatment. 34 A culture of midstream urine may be appropriate, however, in women with an unclear diagnosis or to examine the resistance profile of strains. 32 For episodes of cystitis in which it is decided that a culture might be helpful, the findings of this study should provide instructive information with respect to the interpretation of results. First, some commercial clinical laboratories routinely report growth only for counts of 10 4 CFU per milliliter or higher, so cultures yielding low E. coli colony counts may be falsely reported as negative. Second, enterococci and group B streptococci are commonly found in midstream urine cultures obtained from women with cystitis, [17] [18] [19] [20] [21] [22] [23] often in counts of 10 4 CFU per milliliter or higher, but appear to rarely cause cystitis. E. coli is commonly found in the catheter urine specimens from women with enterococci or group B streptococci in the midstream urine and is the likely cause of many of these episodes. It is possible that predictive values of enterococci and group B streptococci are higher in counts of 10 4 CFU per milliliter or higher without the concurrent isolation of E. coli, but we found this pattern in only 2 of 202 episodes (both with enterococci). Third, E. coli in mixed flora in midstream urine predicts bladder bacteriuria in 91% of episodes and should not be considered a contaminant.
In conclusion, the data from our study reinforce the view that cultures of midstream urine generally are not indicated in the treatment of healthy premenopausal women with presumptive cystitis. Misinterpretation of such cultures may result in the undertreatment of low-quantity or mixed E. coli infections or inappropriate treatment if enterococcus or group B streptococcus is reported by the laboratory. If treatment of suspected cystitis is to be delayed pending the results of midstream urine culture, one should consider asking the laboratory to quantify E. coli to 10 2 CFU per milliliter to improve sensitivity 15 ( Table 3) . For epidemiologic and research studies of healthy premenopausal women with cystitis, the use of 10 3 CFU per milliliter as a compromise threshold for a positive culture growing E. coli may be considered, given feasibility and cost constraints in the microbiology laboratory.
On the basis of our data, similar recommendations cannot be made for other gram-negative rods or S. saprophyticus. In order to determine the generalizability of our findings, studies comparing midstream urine and catheter urine cultures will need to be performed in other types of patients with urinary tract infection.
